ABSTRACT
INTRODUCTION
Magnetic field tomography (MFT), a technique of source localization and source reconstruction by magnetic field measurements, has been developed in recent years. It can be applied to reconstruct not only the current source in biomagnetism (Ribary 1991; Doessel 2000; Brauer 2000) , but also the interface between two electrically conducting fluids with different electrical conductivities . That is of interest in studying the interfacial instabilities in aluminium reduction cells (Davidson 1994) , the velocity distribution in electrically conducting melts (Baumgartl 1993; Berkov 1995) , the induced electrical current in crystal growth (Kasuga 1993) and in other electromagnetic processing of materials.
A typical aluminium reduction cell is composed of a series of rectangular cells with a length of several meters. When a high electric current (about 100kA) is applied, the interface between electrolyte of cryolite and liquid aluminium can be disturbed. The interface displacement is in the order of several centimetres and it can be considered as a perturbation to the interface. However, it is sometimes comparable to the depth of the electrolyte and liquid aluminium, and even spans the gap between two electrodes of the reduction cell so that it can lead to a short circuit, which can result in an inhomogeneous distribution of temperature and a larger consumption of energy. Since that is a hazardous phenomenon, it is of importance to reduce the undesired interfacial instabilities.
In this paper, we demonstrate a simplified model of the aluminium reduction cell (a cylindrical cell) to study the influence of the interface displacement on the perturbation of the magnetic field caused by an electric current through the interface. This current occurs from a DC-voltage between the top electrode (a low conducting fluid) and the bottom electrode (a high conducting fluid). If the interface is displaced from its horizontal position, the homogeneous magnetic field around the model cell will be influenced by the spatial distribution of the interface displacement. If we excite this interface to a harmonic oscillation, a periodic magnetic field modulation will be received at the magnetic field sensors around the interface. The amplitude of the signal depends on the spatial structure of the interface oscillation (mode) and its displacement magnitude. With numerical modelling of the magnetic field (forward calculation) for a given displacement and applying a special identification procedure (magnetic field tomography) the whole interface can be reconstructed. The present paper shows first results of the interface reconstruction using one sensor-ring with eight two-dimensional fluxgate th World Congress on Industrial Process Tomography, Aizu, Japan sensors. The application of the magnetic field tomography technique is not only limited to the investigation of interface movements in aluminium reduction cells but also allows the contactless identification of every interface oscillation between electrically conducting fluids. Figure 1 shows a cylindrical two-fluid cell (a highly simplified aluminium reduction cell) consisting of one 100mm-long plexiglass cylinder containing 48.5mm-deep GaInSn and 51.5mm-deep aqueous solution of KOH. Two electrodes are fixed at the ends of the cylinder so that an electrical current can be applied. The cylinder is mounted on a pneumatic shaker which is used to excite a vertical, periodic vibration. 
EXPERIMENTAL SETUP

FORWARD CALCULATION AND INTERFACE RECONSTRUCTION
It is assumed that the oscillating interface is in a steady state, i.e. for a long enough time only the amplitude varies in time. The maximum perturbation of the interface shape can be described, based on the Euler equation and the mass conservation law as:
where A denotes the amplitude of the interface, η mn are normalized mode coefficients; n is called the radial mode number and m is the azimuthal number; J m is the Bessel function of the first kind, k mn =y mn /R and y mn is the n-th solution of the equation J' m (r)=0 for m>0 and the (n+1)-th solution at m=0. The forward solution consists in the magnetic field calculation in sensor positions corresponding to a predefined interface mode. To model the magnetic field we have to calculate first the current density 4 th World Congress on Industrial Process Tomography, Aizu, Japan distribution in the cylinder. This can be done by applying the finite element method; the block diagram of the forward solver is presented in Figure 2 . Having the distribution of the current density j in the cylinder volume, the magnetic flux density around the cylinder (at the sensors positions) can be calculated using the Biot-Savart law: The goal of the inverse problem is the estimation of the interface mode coefficients and amplitude based on the measured magnetic field data. The corresponding block diagram of the computation cycle for the reconstruction of the interface shape is presented in Figure 3 . The evalutionary algorithm block can be either a genetic algorithm or an evolution strategy.
The cost function used during the reconstruction process is defined as: 
EXPERIMENTAL RESULTS
Optical measurements
When the cylindrical cell is oscillating vertically driven by a pneumatic shaker with an amplitude A shaker =1.60 mm at f shaker =7.5 Hz, a stable, non-axisymmetrical mode 11 is generated. Applying a CANON digital camcorder XLS1, the displacement of the interface is observed as shown in Figure 5 . It is a slanted, nearly flat interface, with an amplitude of the interfacial movement A of about 9 mm. Measured by a laser vibrometer, the oscillating frequency of the interface f int is found to be 3.75 Hz, which is a half of the shaker frequency. This means that the interfacial movement is a subharmonic of the driving oscillation. 
Magnetic field measurements
During the observation of the interfacial displacement and wave patterns, a direct current I DC = 1.0 A is applied to the fluids through the supply electrodes. As it can be seen in Figure 5 , the displacement is nonaxisymmetrical, which leads to a nonaxisymmetrical distribution of current density in the cell and induces a magnetic field whose radial and zcomponents can be measured by the 2D-sensors and then can be used in the reconstruction of the deformed interface.
B r and B z , the radial and zcomponents of the magnetic field measured at r=41 mm, z=57.5 mm are plotted in Figure 6 as maximum values of the magnetic flux density at 4 th World Congress on Industrial Process Tomography, Aizu, Japan corresponding sensors positions which relates to the maximum distortion of the mode 11. The standard deviation for each component of the magnetic field is also depicted. It shows a symmetrical behaviour for B r versus the azimuthal angle (depending on the selection of zero position of the azimuthal angle, which is chosen to be at the peak position of the interface at a time instant and measured counter-clockwise around the cylinder). B z also shows this tendency, but there is a discrepancy. The larger deviation in the symmetry for B z might be caused by the relatively low signalto-noise ratio, some metallic parts aside the cell and the unshielded cables connected to the electrodes and the data acquisition board. This is the reason why as a next, magnetic shielding will be exploited to reduce the ambient noise so that the signal-to-noise ratio can be increased and the influence of the noise on B z and B r can be reduced. Moreover, some metallic parts still existing in the experimental setup of the cell will be removed and the connection of the cables should have to be optimized.
In order to express the symmetry of B r and B z more clearly, their contour lines at z ranging from 54 mm to 72 mm are depicted in (a) and (b) of Figure 7 , respectively. In this range, all maximums appear at α=270°, minimums occur at α=90°, and zeros lie in α=0 and 180°. The theoretical results of the forward calculation are depicted in Figure 8 (a) and (b) for comparison. It is obvious that the measured B r agrees quantitatively with the theoretical result, whereas there is a little larger deviation between the experimental and theoretical results for B z although they have the same symmetrical characteristic.
All the results show that the perturbation of the magnetic field related to the deformation of interface can be detected effectively by eight 2D sensors. In other words, the deformed interface of mode 11 can be reconstructed by magnetic field measurement from eight 2D sensors applying appropriate mathematical algorithms. 
CONCLUSIONS
Magnetic flux density is measured successfully for a highly simplified, cylindrical model of an aluminium reduction cell. The displacement of the interface between the two electrically conducting 4 th World Congress on Industrial Process Tomography, Aizu, Japan fluids is reconstructed by applying the evolutionary strategy. It provides one possibility to study the interfacial instability in aluminium reduction cell, and even to control this unwelcome instability. Moreover, the developed magnetic field tomography system can also be applied to study the interfacial movements in glass melts, iron making, and other electromagnetic processing of materials.
